Absrract. Murine cytomegalovirus was found to be highly nephrotropic in mice treated with antithymocyte serum. The earliest histologic change was characteristic intranuclear inclusions in the glomerular endothelial cells. This change was followed by an eosinophilic thickening of the glomerular capillary loops. In later stages, proliferation of capsular epithelial cells and glomerular sclerosis was prominent. Tubular casts were present, and perivascular lymphoid aggregations were seen in the medulla and juxtamedullary section 56 days after inoculation. No conspicuous lesions occurred in uninfected mice treated with antithymocyte serum or in untreated infected mice. The possible mechanisms of the renal lesions are discussed.
Murine cytomegalovirus can produce several clinical and histologic forms of disease depending on the age and strain of the mice infected, the virulence of the virus and the immune status of the host [7, 15, 17, 221 . Typical intranuclear inclusions have occasionally been seen within the renal glomeruli in chronic infection [12, 18, 241 . In man, a high incidence of cytomegalovirus infection of transplanted kidneys has been reported in patients on immunosuppressive therapy [23] .
Anti-mouse thymocyte serum was shown to alter the course of infection in weanling mice inoculated intraperitoneally or intracerebrally [I, 13, 161 ; treatment increased mortality and severity of histologic lesions.
In the present experiment, antithymocyte serum greatly altered the type of infection after intravenous inoculation of virus and led to glomerulonephritis.
Materials and Methods
The Smith strain of the murine virus was obtained from the American Type Culture Collection. In our laboratory it had been passed three times in secondary mouse embryo cell cultures. Stock virus was prepared and contained lo*.' median tissue culture infective dose per milliliter when assayed on secondary cell cultures [14] .
Three-week-old random bred, female CD-I mice were obtained from Charles River Breeding Laboratories, St-Constant, Quebec. They were housed in groups of five and maintained on standard mouse chow. A group of 80 mice was injected intravenously with 0.25 ml of virus, and half of them were treated with horse antiserum to murine thymocytes (ATS, Institut Armand-Frappier, Laval, Que.). The serum was administered intraperitoneally in 0.2-ml aliquots 3 days and 3 h before virus inoculation and twice weekly thereafter for 4 weeks. A group of 40 uninfected mice given antithymocyte serum served to exclude the possibility that any observed abnormalities had arisen spontaneously. At 4, 7, 14, 21, 28 and 56 days after virus inoculation, groups of three mice were killed and their organs removed for macroscopic examination. Blood was also collected at these times for antibody assays. Tissues from infected and control animals were removed and fixed in Bouin's fluid, embedded in paraffin, sectioned at 6 pm, and stained with hematoxylin and eosin (HE). Selected sections were stained by the periodic acid-Schiff (PAS). Sections of salivary glands, heart, lungs, pancreas, liver, brain, spleen, lymph node, thymus and kidney were routinely examined. Neutralizing antibodies were assayed [I 61.
Results
All control uninfected mice remained clinically normal and were negative for virus and histological changes. Their serum failed to neutralize the virus. Treated controls showed that serum alone had no apparent clinical harmful effect on mice. Treated infected mice had mild transient to severe signs of infection 4-7 days after inoculation. These signs, ruffled fur, loss of weight and appetite and hunching of back, progressed until death in 22% of the animals. The kidneys of treated infected mice killed on days 28 and 56 were generally enlarged and pale and had a moderately granular surface.
Titers in the salivary glands of infected mice are shown in figure 1. In mice that received serum and virus, virus was detected on day 7. Peak titers occurred on day 21, and virus was still detected on day 56. In untreated infected mice, virus was not detected on day 7; virus titers were lower on days 14, 21 and 28 than in treated glands, and virus was not recovered on day 56. Virus was not isolated from uninfected animals.
In treated infected mice, neutralizing antibody ranged from 1 :8 on day 14 to 1 :256 on day 56. In untreated infected mice, detectable antibody appeared on day 28 and was lower on day 56 than in treated infected mice ( fig. 2 ). Uninfected animals had no neutralizing antibody.
Histologic lesions were similar to those described in mice inoculated intraperitoneally [ 121. Particularly severe lesions were noted in the salivary glands, livers, lungs and pancreas of treated mice; these lesions mimicked those produced by the virulent virus [13] . New lesions were in the kidneys. The earliest change at 7 and 14 days after inoculation was typical viral inclusions within the renal glomeruli ( fig. 3 ). Some of the glomeruli were swollen with adhesion of the capillary tuft to Bowman's capsule ( fig. 3,4 ). Focal eosinophilic membranous thickening of capillary loops was seen in some glomeruli ( fig. 5 ). On days 21 and 28, more advanced lesions had developed. The glomeruli were large, hypercellular and hyperlobulated, and approximately 20-30% contained hyalinized lobules or were completely hyalinized ( fig. 6 ). Most of the glomerular eosinophilic substance was PASpositive ( fig. 7 ). The glomerular swelling was associated with moderate increase, sometimes focally accentuated, of endothelial, mesangial and capsular cells. Typical inclusions were still present. Focal necrosis of glomerular tufts occurred in some glomeruli ( fig. 8 ). Plasma protein including fibrin or erythrocytes, or both, was often within Bowman's space. Tubular changes were not obvious at this stage. Perivascular infiltration was usually absent. When present, it was composed of lymphocytes and larger mononuclear cells of mild severity. At day 56, the renal architecture was markedly disorganized. Although all glomeruli tended to be involved, the severity of the changes within the individual kidney was uneven. The number of glomeruli was reduced. There were adhesions of glomerular tufts with proliferation of capsular epithelial cells and formation of crescents. The glomerular deposits showed a weak PAS-positive reaction. The tubules were dilated and contained homogenous acidophilic casts. The epithelium of numerous tubules appeared flattened. In the most severely affected kidneys, there were large numbers of red blood cells in distal convoluted and collecting tubules. Marked perivascular and interstitial accumulation of lymphocytes and larger mononuclear cells was a prominent feature in mice killed 56 days after inoculation. There were no similar findings in the control mice that received antithymocyte serum without virus, and no conspicuous histologic changes were detected in untreated infected mice.
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Discussion
This experiment shows that murine cytomegalovirus in mice treated with antithymocyte serum causes marked damage to the glomerular structures. All data indicate that intravenous inoculation of the virus is necessary to cause such lesions [13] .
The pathogenesis of the renal lesions must be determined, and at least three different mechanisms could be involved. The glomerular lesions could be the result of repeated injections of foreign protein [5] , but failure of antithymocyte serum to produce such lesions in uninfected mice suggests another mechanism. The glomerular lesions could result from the deposition within the glomeruli of soluble, circulating antigen-antibody complexes. Renal lesions in mice infected with lymphocytic choriomeningitis, lactic dehydrogenase virus, Gross leukemia virus, Moloney leukemia virus and polyoma virus, and in NZB-mice, appear to be of this type [8, 10, 20] . The mechanism leading to these complexes appears to involve trapping along the basement membrane. Finally, the glomerular lesions also could be the result of direct damage by replicating virus in kidney tissues and represent a manifestation of an immunological reaction between the virus and the host's immune mechanism. It has been suggested that the host's response is the same as the homograft response and constitutes a cell-mediated mechanism designed to eliminate the virus from infected tissue [5, 11, 271 . The presence of typical intranuclear inclusions within endothelial cells of the glomeruli suggests that this virus has a primary injurious effect on the glomerulus. By using indirect immunofluorescence for identification of viral antigen in the kidneys of infected mice, SMITH and AQUINO [24] saw viral antigen in the glomeruli for up to 5 weeks after inoculation. N o chronic renal disease was seen in these mice despite the persistence of antigen. The mechanism of renal lesions requires further detailed investigation. Recently, similar lesions have also been reported with the same animal model [3].
Experimental glomerulonephritis has been induced in mice by inoculation of ECHO and Coxsackie viruses [2,25,26], and the mechanism has been attributed to an autoimmune-like reaction. The role of viruses in the pathogenesis of human renal disease has been reviewed [9, 19,241, and glomerulonephritis has been reported in association with infection of vaccinia, ECHO, epidemic hemorrhagic fever and Coxsackie viruses [6,9,21,28,29] . The role of chronic infection with these viruses in the etiology of glomerulonephritis in man is largely undetermined.
The present histologic studies suggest that antithymocyte serum could transform a chronic infection of the kidney into a severe glomerulonephritis. The need is great for further studies on the possible role of viruses in the genesis of renal failure.
